The response surface methodology (RSM) was used to optimize the formulation of mango soy fortified yogurt (MSFY). The independent variables were proportions of mango pulp (1.2-13.8%), soymilk (2.39-27.61%), and fat content (0.48-5.52%) of buffalo milk. The responses were overall acceptability rating, counts of Streptococcus thermophilus and Lactobacillus bulgaricus and hardness of the product. Statistical analysis revealed that mango pulp, soymilk, and fat content of buffalo milk significantly affected (95% confidence level) all the responses. Contour plots for each response were used to generate an optimum area by superimposition. Model validation was conducted using separate experiments at optimum conditions. The optimum formulation conditions of 7.1 kg mango pulp (18% total solids), 14.7 kg soymilk (8.2% total solids), and 78.2 kg buffalo milk (2.95% fat content and 9% solid not fat) per 100 kg are recommended for the blend formulation yielding an acceptable and good quality MSFY.
INTRODUCTION
Yogurt is a fermented milk product obtained through lactic fermentation of milk with Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus salivarius ssp. thermophilus. Yogurt is now widely consumed mainly due to its availability in variety of flavors. The fruit and soymilk fortified yogurt adds variety to the consumer to select. Soymilk is characterized by beany or soy flavor which can be modified by lactic acid fermentation. [1, 2] Soymilk based yogurt would offer several distinct nutritional advantages over milk yogurt to the consumer i.e., reduced level of cholesterol, saturated fat, and lactose. [3] Addition of soymilk and mango pulp improves the nutritional as well as therapeutic value of yogurt. Soymilk is low in fat, carbohydrate, calcium, phosphorus, and riboflavin, but high in iron, thiamin, and niacin in comparison with cow's milk. Soymilk contains higher amount of protein than buffalo milk and is deficient in sulfur containing amino acids. Replacing a part of milk used in making yogurt with soymilk enriches nutritional value of the product.
Mango pulp is added in yogurt to enhance its vitamin A, C, and mineral contents. It also provides sweetness and masks the beany flavor of soymilk to some extent. The effect of fruit addition on mineral contents of yogurt has been described by various researchers. [4, 5] Mango fortified yogurt was prepared by using milk, 8% sugar, 2% dried milk, and different level (0-20%) of mango pulp. [6] Mango yogurt was prepared using ultrafiltered cow milk, 8% mango juice, and 6% sugar. [7] High fat mango yogurt having 4% mango pulp is reported superior in flavor. [8] The texture of yogurt varies widely due to milk composition, the microorganism used, level of starter culture, presence of stabilizer, fruits etc. [9, 10] Addition of soy solids and mango pulp in milk influences the textural and sensory characteristics of yogurt. Several variations in sensory and textural properties of yogurt can be achieved depending on modification and combination of the different variables mentioned above. There is, however, not much reports in the literature to explain how soymilk and mango pulp addition affect the sensory, microbiological, and textural quality of yogurt.
The aim of this study was to find out optimum proportions of mango pulp, soymilk, buffalo milk in the blend and optimum fat content in buffalo milk for making mango soy fortified yogurt (MSFY) that has desirable sensory and microbiological parameters, and has textural profile similar to that of the control yogurt prepared using buffalo milk of 6% fat content.
MATERIALS AND METHODS
Pure freeze dried culture of S. thermophilus NCDC 075 and L. bulgaricus NCDC 008 were procured from National Dairy Research Institute, Karnal, India. These cultures were maintained in 10% non-fat dried milk (NFDM), which was autoclaved at 115 C for 15 min. Buffalo milk was procured from local dairy farm and fat level standardized according to experiments. Soymilk (8.2% total solids) was prepared from soaked, dehulled, and ground soybeans using the boiling water grinding technique, followed by holding the slurry at this temperature for 10 min and filtering to remove the okra. This method of soymilk preparation has the advantage of eliminating the development of beany flavor by inactivation of lipooxygenase at 80-100 C. [11] Canned mango pulp (18% total solids, Tulip brand, Tulip India Limited, W. Bengal) was purchased from local market.
Mango soy fortified yogurt were prepared using the method suggested by Tamime and Robinson [12] for the preparation of yogurt. The blend of buffalo milk and soymilk was pasteurized at 95 C for 5 min and cooled to 45 C. The mango pulp was then added and mixed thoroughly with high speed stirring. [13] The blends were inoculated with 2% (v=v, S. thermophilus and L. bulgaricus in 1 : 1 ratio) of 24 h old culture and incubated at 45 AE 2 C in the same cup (100 mL) until pH 4.4 was obtained. The pH scan 2 (Eutech Instruments Private Limited, Singapore) was used to measure the final pH. Samples were kept for 24 h at 4 C. Process flowchart for the preparation of MSFY is presented in Fig. 1 . Physico-chemical properties of MSFY like titratable acidity, [14] moisture content, and total solid content [15] were determined. Color was measured with a Hunter Lab Colorflex colorimeter and results were expressed in accordance with the CIELab system [16] and whiteness index (ASTM E313) with reference to illuminant D65 and a viewing angle of 10 . [17] The measurements were made in triplicate in a 65 mm diameter tray with a sample thickness of 30 mm, using a 13 mm diameter diaphragm.
Optimization of Blend Formulation
Response surface methodology (RSM) is a commonly employed tool in analyzing experimental data resulting in the optimization of processes or products. [18] The RSM was used to derive the optimum formulation conditions using a four parameter five level central composite rotatable design (CCRD) which dictated 20 experimental runs. Table 1 shows the real and coded values of the independent variables used to determine the optimum formulations of MSFY. The independent variables affecting the quality of the end product were the proportions of mango pulp (X 1 ), soymilk (X 2 ), and fat content of buffalo milk (X 3 ). A total of 20 runs were conducted. Proportions of mango pulp varied from 1.2 to 13.8%, soymilk varied from 2.39 to 27.61%, and fat content in buffalo milk varied from 0.48 to 5.52%. Factors such as overall acceptability, counts of S. thermophilus and L. bulgaricus and hardness (g) were used as quality attributes of MSFY. The responses were represented as Y 1 (overall acceptability, OA), Y 2 (S. thermophilus counts, ST), Y 3 (L. bulgaricus counts, LB), and Y 4 (hardness, HD). It was assumed that Y k (where k ¼ 1, 2, 3, 4) is a function of the three independent variables as shown by Eq. (1).
The exact mathematical representation of the function ( f ) is either unknown or extremely complex. However, a second order polynomial of the form of Eq. (2) was assumed to relate the response, Y i and the factors, X i .
Where, b 0 , b i , b ii , b ij are regression coefficients and X i and X j are the coded levels of independent variables i and j. Based on RSM, this equation was used to evaluate the linear, quadratic, and interactive effects of independent variables on the chosen response. The responses for each run ( Table 2) were subjected to multiple nonlinear regression analysis.
Overall Acceptability
Mango soy fortified yogurt samples were prepared in 100 mL cup using the procedure described in Fig. 1 and stored overnight at 2-5 C before subjecting them to organoleptic evaluation. The samples were served at 10 C. A panel of 11 judges was formed on the basis of their knowledge of the product and their willingness to participate on a regular basis after obtaining agreement among the judges on the characteristics of good quality yogurt and what they meant by the terminology for sensory evaluation. The panelists included faculty and research scholars of the Agricultural and Food Engineering Department, Indian Institute of Technology, Kharagpur. The panelists rated the MSFY samples by assigning numerical value for different quality attributes viz. appearance and color, body and texture, flavor and overall acceptability on 5-point scale (Excellent 5, Poor 1).
Enumeration of Streptococcus thermophilus and Lactobacillus bulgaricus
International Dairy Federation methods [19] were used for enumeration of S. thermophilus and L. bulgaricus. The S. thermophilus agar (M 948) and L. bulgaricus agar (M 927) Table 1 . Real (x) and coded values for the independent variables proportions of mango pulp (X 1 ), soymilk (X 2 ), and fat content in buffalo milk (X 3 ) for production of MSFY.
Proportions of mango pulp in blend
Proportions of soymilk in blend
Fat content in buffalo milk Experiment no.
Real value (x) (%)
Coded value (X 1 ) procured from Hi Media Laboratories Limited, Mumbai were used. The samples were diluted in mixture of tryptone (0.05%) and peptone (0.05%) water. The agar plates of S. thermophilus were incubated aerobically at 37 C for 48 h while plates of L. bulgaricus were incubated at 37 C for 72 h under micro anaerobic conditions. After incubation, typical colonies of S. thermophilus and L. bulgaricus were counted. Plates with 30-300 colonies were only used in counting and the counts were averaged for three replicates and expressed in cfu=mL.
Hardness
Hardness (force necessary to attain a given deformation) is most commonly evaluated parameter while determining yogurt texture. It was measured using a TA.XT2 Texture Analyzer (Texture Technologies Corp., UK, Model TA.XT2, version 05.16) equipped with 5-kg load cell. The analyzer was linked to a computer that recorded data via a software program called XT.RA Dimension (version 3.7H, Texture Technologies Corp., Scarsdale, NY). Experiments were carried out by compression test that generated plot of force (grams) vs. time (sec), from which texture values were obtained. A 25 mm diameter perplex cylindrical probe was used to measure HD of set MSFY sample prepared in 100 mL cup at a temperature of 8 AE 0.5 C performing five repetitions. In the first stage the samples were compressed by 30% of their original depth. The speed of the probe was fixed at 0.5 mm s À1 during the pre-test, compression and the relaxation of the samples. Values for HD were obtained from the force to time curve [20, 21] shown in Fig. 2 . Hardness, g ¼ Maximum force of the first compression. 
Analysis of Data
A computer programme was developed for multiple regression analysis. This programme had the provision to discard the terms of the regression models having F value less than 1 that are not significant at any level for any degree of freedom [22] and to recompute the coefficients of the remaining terms. The recomputed coefficients of the model were further subjected to the F test at 5% level of significance.
Proportions of mango pulp, soymilk in blend, and the fat content in buffalo milk in blend were optimized by solving the developed equations for specific value of each parameter. Values for which equations were solved were those of the standard laboratory made control yogurt sample. The contour plots for these models were generated as a function of two variables while keeping the third variable at their optimum value.
RESULTS AND DISCUSSION

Quality of Raw Material
Mango pulp contained total solids 18%, total soluble solids 17 B, acidity (citric acid) 0.737% and total sugars 16.91%. Soymilk contained total solids 8.2%, total soluble solids 7.5 B, acidity (lactic acid) 0.126%, protein 4.76%, and fat 1.71%. Buffalo milk contained 15% total solids, acidity (lactic acid) 0.16%, protein 3.78%, fat 6%, and lactose 4.42%.
Physico-chemical Properties of Mango Soy Fortified Yogurt
The physico-chemical properties of MSFY samples are shown in Table 2 . As soymilk proportion in the blend increased acidity of MSFY decreased due possibly to the less amount of lactose available for lactic acid production. [23] Lactic acid production in milk yogurt and soymilk yogurt was 0.72% and 0.44%. [24] And as the mango pulp proportions in the blend increased, the acidity of MSFY increased. The total solid contents increased with an increase in the proportion of mango pulp in the blend and fat content in buffalo milk. As mango pulp proportion in the blend increased, the L and whiteness index decreased. [17] Color L (whiteness) data in Table 2 indicated that MSFY having lower proportion of soymilk was whiter than those having higher proportions of soymilk due probably to the light scattering properties of coagulated casein micelles and soy globulins respectively. [3] As the fat content in buffalo milk increased, the L value of MSFY samples decreased.
The experimental data (Table 3) for the responses were fitted into Eq. (2) to estimate the function, f, in Eq. (1). Four response surface models were obtained for the overall acceptability, counts of S. thermophilus and L. bulgaricus and HD. Table 4 shows the ANOVA data for response variables and their significance at 95% confidence level along with correlation coefficients. A high correlation coefficient (R > 0.9088) explained the goodness of fit of the experimental data in the response surface models of overall acceptability, S. thermophilus counts, L. bulgaricus counts, and HD. This function showed that over 90.88% of the total variation was accounted for or all the four response surface models fitted the data well and were adequately explained. The regression coefficients obtained for the second order polynomials (SOP) of the four responses are shown in Table 5 . These coefficients are necessary in developing the multiple regression equations for the responses to coded levels of the variables. The contour plots of four responses were developed as a function of the three independent variables (proportions of mango pulp, soymilk, and fat content in buffalo milk) according to their significance to the response. The contour plot for overall acceptability as a function of proportion of mango pulp and soymilk is shown in Fig 3. Figures 4-6 show the contour plots of S. thermophilus and L. bulgaricus counts and HD as a function of proportions of mango pulp, soymilk, and fat content in buffalo milk. The optimum area was obtained by superimposing (graphical method) the contour plots from which the optimum formulation was obtained. [18] Overall Acceptability
The coefficients of linear term of the SOP equation (Y 1 ) showed that the overall acceptability of MSFY increased with an increase in proportion of mango pulp due perhaps to the masking of the beany flavor of soymilk while increasing proportion of soymilk in the blend resulted in decrease in the overall acceptability. It was reported that the addition of soymilk to buffalo milk should not exceed 10%, with increasing soymilk the acceptability decreased due to detection of beany flavor. [25] It has been claimed that soymilk yogurt containing 10-15% cow's milk was acceptable, especially flavored. [26, 27] 
Streptococcus thermophilus and Lactobacillus bulgaricus Counts
From the regression coefficients of Y 2 and Y 3 , it is clear that an increase in the mango pulp content in the blend increased the counts of S. thermophilus and L. bulgaricus while the increasing soymilk proportion decreased the counts. Addition of soymilk beyond 10% in buffalo milk resulted in decreased starter culture counts. [25] Hardness The coefficients of the first order terms for the equation Y 4 ( Table 5 ) with coded variables indicated that HD of the product decreased with mango pulp, soymilk, and fat content of buffalo milk in the blend. Soymilk was found to have maximum influence on HD followed by mango pulp and buffalo milk fat content. The curd tension of yogurt was reported to decrease with increase in soymilk proportion. [28] Addition of higher amount of mango pulp affects body and texture and increases yogurt softness. [8] With a reduction in the fat content of MSFY compact appearance of the protein network increased and number of milk fat globules dispersed within the network decreased.
Optimization of Blend Formulation
The optimum formulation of MSFY blend represents conditions resulting in maximum overall acceptability, counts of S. thermophilus and L. bulgaricus and desired HD. The multiple regression equation for overall acceptability, S. thermophilus and L. bulgaricus were solved for maximum OA value of 4.51, ST 2.26 Â 10 8 cfu=mL and LB 1.79 Â 10 8 cfu=mL respectively whereas multiple regression equation for HD was solved for an acceptable HD value in the range of 99.94-113.32 g of control yogurt prepared from buffalo milk of 6% fat content (without adding mango and soymilk). Areas of optimum response were located by superimposing overall acceptability, S. thermophilus and L. bulgaricus counts and HD, and by establishing limits of acceptable quality for each factor. In Figs. 7 and 8 , it was overall acceptability scores between 4.5 and 5.0, S. thermophilus counts 2.22-2.26 Â 10 8 cfu=mL, L. bulgaricus counts 1.58-1.60 Â 10 8 cfu=mL, and HD 110-115 g are acceptable. Figure 7 illustrates the effect on overall acceptability, S. thermophilus counts and HD found for simultaneous variation of X 1 (mango pulp) and X 2 (soymilk). It showed that increasing proportions of mango pulp in the blend beyond 0.65 (9.94%) and decreasing beyond À0.78 (4.57%), caused a decrease in the overall acceptability of MSFY. It is a superimposed contour having the maximum overall acceptability and maximum S. thermophilus at point (X 1 ¼ À0.10298, X 2 ¼ 0.0343265), which gave optimum values of proportions of mango pulp and soymilk for regions of overall acceptance having a HD of 110.84 g.
The effects of the proportion of soymilk in the blend and fat content in buffalo milk on OA, ST, LB, and HD of MSFY are shown in Fig. 8 . The area of acceptable quality with maximum overall acceptability (4.51), maximum counts of S. thermophilus (2.24 Â 10 8 cfu=mL) and L. bulgaricus (1.59 Â 10 8 cfu=mL) was found by superimposing the responses at a point of these responses for X 2 ¼ À0.0343265 and X 3 ¼ À0.0343265. The four response variables: OA, ST, LB, and HD rating were considered as quality attributes for MSFY. These were analyzed as a function of the independent variables to determine the best formulation conditions. The optimum conditions were obtained by getting the optimum area from the two superimposed contour plots ( Figs. 7 and 8) . The mean optimum formulation conditions of À0.10298 (7.11 kg=100 kg of blend) mango pulp, À0.0343265 (14.74 kg=100 kg of blend) soy milk, and À0.0343265 (2.95% fat content of buffalo milk) i.e., 78.15 kg buffalo milk having 2.95% fat content=100 kg of blend are recommended for blend yielding an acceptable and good quality MSFY.
Verification of Second Order Polynominal Model
The MSFY samples were prepared using the derived optimum formulation conditions to check the validity of SOP model. The experimental values for OA, ST, LB, and HD were determined and compared with the predicted values of the SOP ( Table 6 ). The experimental values (mean of three trials) were found to be in close agreement to the predicted values and were within the acceptable limits indicating the suitability of the model in predicting quality attributes of MSFY. 
CONCLUSION
Twenty different runs according to the CCRD were used to study the quality parameters of MSFY at different proportions of mango pulp, soymilk, and fat content of buffalo milk. The response surface methodology was used to optimize the formulation conditions using overall acceptability, counts of S. thermophilus and L. bulgaricus and HD as responses. The SOP models for OA, ST, LB, and HD were statistically significant. By superimposing the contour plots, an optimum formulation i.e., proportion of mango pulp 7.11 kg, soymilk 14.74 kg, and 78.15 kg buffalo milk having 2.95% fat content for 100 kg of MSFY was recommended with predicted responses close to experimental values. The MSFY sample prepared using the optimized blend formulation compared well with the control yogurt sample in physico-chemical properties, sensory and microbiological qualities and textural characteristics.
